Abstract
Introduction
Both in Australia and abroad there is a growing trend towards examining the determinants of hospital costs (Auditor-General of Victoria 1998 and Muldoon 1996) . This trend can be explained by the need for hospitals to be accountable for their costs and through a desire to implement a funding system that creates incentives to further increase efficiency. For these purposes regression analysis has been an informative tool. Culyer et al (1978) were some of the first to use a simple regression analysis in a hospital setting, reporting a comparative study across British hospitals. They found a strong relationship between costs and the teaching load of the hospital. In Australia, regression analysis has been a valuable tool for identifying significant influences on hospital costs. Hindle, Degeling & van der Wel (1998) focus on within DRG variation of severity while using length of stay as a proxy for costs. Hindle, Frances & Pearse (1998) also analysed the cost structures of small rural hospitals using regression analysis.
Traditionally, one of the limitations of regression analysis has been the paucity of quality patient level cost data. However, with the emergence and implementation of more accurate cost-accounting systems, some hospitals now have a more accurate estimate of the resource cost of each individual patient. This type of data both allows for the use of more refined regression techniques and improves the performance of regression methods.
A regression analysis that relates costs to the various physical inputs is referred to as a hedonic regression. The hedonic method has been widely used in economics to analyse supply side variation in quality. It is often used in the analysis of real estate markets (Crosson et al 1996) and to distinguish between different qualities of other consumer goods (Byron and Ashenfelter 1995) . The hedonic method is also used frequently in adjusting for quality aspects in consumer price indexes (Kokoski 1993) . In health it has been used in the modelling of hospital costs across entire hospitals rather than across individual patients (Chernichovsky and Zmora 1986) . Goldman and Grossman (1978) also used a hedonic approach to distinguish between the quality of paediatric care and the quantity of paediatric visits. In this paper, the hedonic approach is used to estimate patient level costs at a paediatric hospital through a number of observable factors including length of stay and casemix.
Analysis of New Children's Hospital (NCH) costs
The aim of this analysis was to inquire into the determinants of costs of patients admitted to the NCH using an hedonic regression approach. The analysis used all patients from the state of New South Wales (NSW) treated at the NCH in 1996/97, where patients were classified using AN-DRG version 3.1 (see Commonwealth Department of Human Services and Health & 3M Health Information Systems 1996) . Exclusions from the analysis included patients that were part of the nationally funded program for liver transplants (DRG 5), patients from error DRGs (952, 955, and 956) and patients from costed but non-classified DRGs (locally referred to as DRG 999). Finally, all patients from DRG 780 (chemotherapy) had their costs adjusted to $640, the State wide paediatric benchmark set by NSW Health (1998a). After deletions there were 28, 282 observations. The dependent variable is the estimated patient level cost reported by the New Children's Hospital. This estimated cost was calculated using a cost modelling technique that assigns costs to patients for the actual procedures that were performed. The costing methodology is derived and reviewed by NSW Health annually (see NSW Health Department 1996 . For the purposes of this analysis, these reported costs could be considered as the gold standard for costs, as they are the best estimate of costs. The analysis will focus on the prediction of these costs using other available information about the patient. These other independent variables are outlined in Table 1 . Model one incorporates all explanatory variables excluding the casemix index. All variables were significant at the 1% level, except for the rurality variable which was significant at the 5% level (one tailed t-test) and ATSI, which was insignificant but of the expected sign (Ruben and Fisher et al 1998) . Length of stay is one of the most important predictors of resource use. Age is also an important predictor of cost, with younger patients having a higher resource cost (Hanson et al 1998) . There is evidence to suggest that a same day admitted patient uses less resources than a patient with a stay of one day (overnight), this being consistent with traditional intuition that same day cases are less resource intensive.
Patients admitted through the Emergency Department (ED) had lower resource cost, holding all other variables constant. This runs against traditional logic that patients admitted through emergency stay are more costly. However, one should bear in mind that patients admitted through the Emergency Department have longer length of stay, are relatively younger and have more secondary diagnoses. It is these other variables that account for the higher costs of patients admitted through the Emergency Department.
Patients who are transferred from another hospital into the NCH cost significantly more than do other patients. Although this result is not counter-intuitive (Butt and Shann 1998) , the magnitude of the result does attract interest. The demographic variables of patients are also important indicators of cost. Patients from rural areas are relatively more costly, as are male patients. Patients that indicated that they were from Aboriginal and/or Torres Strait Islander descent also cost relatively more. However, this result is statistically insignificant. The insignificance for Aboriginal and Torres Strait Islander dummy variable could be due to the low number of patients who identified themselves as of Aboriginal and/or Torres Strait Islander descent on admission to the hospital.
Model two extends upon model one by including a casemix index. The model uses the NSW 1996/97 "base weight index". NSW Health estimate "base weights" using trimmed data from the majority of hospitals in the state (see NSW Health Department 1998b). Model Two explains relatively more of the variation in costs than does Model One (R 2 = 73.31% as opposed to R 2 = 64.62%).
For model two the casemix index is highly significant in predicting the patient costs, but it is not the only significant variable. Length of stay is still a significant predictor of the cost of a patient. However, the estimate is not as large as in model one. Contrary to traditional logic same day patients are more resource intensive than patients with length of stay equal to one day (overnight), holding all other variables constant. Again, age is a predictor of cost, albeit at reduced statistical significance with younger patients costing relatively more. Cost also increases with the number of secondary diagnoses.
Patients admitted through the Emergency Department are relatively less expensive, but again the same caveats apply to the interpretation of this parameter as we presented for model one. Transfers are weakly more expensive in model two although, this coefficient is greatly reduced compared to that in model one. This evidence highlights that while transfers are more expensive, the great proportion of this cost can be explained through other explanatory variables.
Again, rural and Aboriginal and Torres Strait Islander patients are more expensive, but insignificantly so. Male patients are also more expensive. In hedonic regression analysis insignificant coefficients can improve the fit of the model and need not be eliminated from the model. This is especially the case when they possess intuitive signs.
Sensitivity analysis
The above models were assessed for possible spurious results. There was no evidence of significant multicollinearity and little evidence of heteroskedasticity, although there was a slight ballooning of variance at very high costs.
Caution was noted over the relatively small standard errors for LOS and CMI. The results indicated that these two variables are very strong predictors of costs. Using univariate analysis, LOS predicted 63.62% of the variation in costs and CMI 35.73% of the variation in costs. Together in a bivariate analysis, they predicted 72.70% of the variation in costs ( Table 2 ). The fuller models are only marginally better in the prediction of the variation in costs (1.02% and 0.58% respectively for models one and two).
Simulation of 1997/98 NCH cost data
Model two was used to simulate the costs for NCH's 1997/98 financial year using patient level data to test its robustness as a funding model. As there had been a change in the NSW Health's costing standards, the 1996/97 methodology was used to estimate the reported costs of the patients for 1997/98. Again DRGs 5, 952, 955, 956 and 999 were removed from the data. DRG 780 was not modified. There were 27,916 observations used in the simulation.
The simulated costs from the full hedonic model were then compared to the reported patient costs for 1996/97. The correlation coefficient between the two was 0.88. Univariate regression yields the following: The intercept is marginally significant and the hedonic model is highly significant predictor of costs. The model had a good fit, with an R2 of 78.00% indicating it would be a potential funding model.
One of the problems with the model is that some simulated costs are estimated as negatives. One can consider that the minimum cost should be set at zero or some positive cost. If the minimum cost is set to zero the R 2 improves slightly to 78.04%, and if set to $100 (an arbitrary cost) the R 2 is 78.06%. Alternatively one could use a more technical econometric specification such as using the log of cost as the dependant variable to avoid negatives.
Also one can interpret the estimate associated with the hedonic model as indicating inflation in costs between 1996/97 and 1997/98 of some 4.8%. This highlights that any funding policy needs to account for inflation in costs over time to be equitable.
Conclusions
NSW Health has developed its casemix index to incorporate a number of refinements beyond the standard concept of having an index that reflects the average costs (NSW Health Department 1998b). These include separate cost weights for same day, transfers (outward), long stay and private episodes. However, these refinements have been incorporated within the index and not added explicitly, as has been done in other funding models. To make adjustments more transparent, it would be better to estimate the casemix index with untrimmed data (base weights), and then derive a funding formula that incorporates the index. Hedonic regression -if applied to all patient level costing hospitals -could be a valuable tool in the formulation of such a funding model. It provides a powerful tool for understanding the factors that contribute to the variation in costs. Further research could include an analysis of all NSW hospitals that produce patient level costing data to estimate a funding formula for NSW based on the hedonic methodology. 
